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Congenital pulmonary airway malformation (CPAM), previously referred to as congenital cystic adeno-
matoid malformation (CCAM), is a developmental malformation of the lower respiratory tract and the
most commonly reported congenital lung lesion. Affected patients typically present with respiratory
distress in the neonatal period from expanding cysts and resulting compression of surrounding lung
parenchyma. However, some patients also remain asymptomatic until later in life. In this report, we
present a case of CPAM requiring emergent left lower lobectomy at the ﬁrst day of life that remained
asymptomatic until the patient developed a spontaneous pneumothorax 18 years later. Our patient’s
presentation with an isolated spontaneous pneumothorax at age 18 does not appear to have been pre-
viously reported. In addition, there are several aspects of this case that represent atypical features of
CPAM. After an extensive literature search, few reports exist describing any long-term complications of
CPAM following neonatal lobectomy. Chest imaging in our patient demonstrated residual left basilar
bullae and there was a moderate ﬁxed obstructive/restrictive defect on pulmonary function testing. His
risk for recurrent pneumothorax or infectious complications is unknown based on minimal published
information on long-term outcomes or complications in patients with resected CPAM lesions. We
conclude that follow up of all CPAM patients should include an evaluation for evidence of residual lung
disease both with spirometric testing and chest imaging. Furthermore, concern for infectious compli-
cations or symptomatic obstructive lung disease should likewise be considered.
Published by Elsevier Ltd.Open access under CC BY-NC-ND license.1. Introduction
Congenital pulmonary airway malformation (CPAM), previously
referred to as congenital cystic adenomatoidmalformation (CCAM),
is a developmental malformation of the lower respiratory tract and
the most commonly reported congenital lung lesion.1,2 Affected
patients typically present with respiratory distress in the neonatal
period from expanding cysts and resulting compression of sur-
rounding lung parenchyma.3 However, some patients also remain
asymptomatic until later in life. Lesions are usually unilateral in the
lower lobes and occur sporadically with no gender, racial, or
exposure predilection.4,5 Congenital pulmonary airway malforma-
tions are classiﬁed into ﬁve types based on size, histology, andrway malformation; CCAM,
neumothorax; LLL, left lower
VC, forced vital capacity; CT,
.P. Shupe).
 CC BY-NC-ND license.distinct characteristics and standardmanagement includes surgical
resection1 (see Table 1). Few reports exist describing any long-term
complications of CPAM following neonatal lobectomy. In this
report, we present a case of CPAM requiring emergent left lower
lobectomy at the ﬁrst day of life that remained asymptomatic until
the patient developed a spontaneous pneumothorax (PTX) 18 years
later.
2. Case report
An 18 year old male presented to the emergency department at
our institution with complaints of sudden onset left-sided pleuritic
chest pain and dyspnea while sitting in church. His past medical
history was signiﬁcant for neonatal respiratory distress due to
congenital lung disease requiring an emergent left lower lobe (LLL)
resection the day following his birth. According to his father, hewas
reported to have an isolated type I CCAM. His past medical history
was notable for a marfanoid body habitus, pectus excavatum, and
double-curved scoliosis requiring intervertebral rod placement.
Despite these physical ﬁndings, the patient noted lifelong
Table 1
Present classiﬁcation scheme describing pathologic features of various congenital pulmonary airway malformations.
Percent of
total cases
Cyst characteristics Cellular characteristics Other
Type 0 1e3% Small, max. diameter 0.5 cm Ciliated pseudostratiﬁed epithelium Usually involves entire lung; affected usually
die at birth
Type 1 60e70% Single, thin-walled, 2e10 cm
in diameter
Ciliated pseudostratiﬁed columnar
epithelium
One lobe involvement
Type 2 15e20% Multiple cysts 0.5e2 cm in
diameter
Ciliated cuboidal or columnar
epithelium
Other congenital anomaly in 60% of cases
Type 3 5e10% Numerous small cysts
(<0.5 cm in diameter)
comprising an entire lobe
or several lobes
Non-ciliated cuboidal epithelium Often very large
Type 4 10e15% Max. diameter 7 cm Non-ciliated, ﬂattened, alveolar
lining cells
Strongly associated with malignancy
(pleuropulmonary blastoma)
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any previous symptoms of dyspnea, cough, or productive sputum.
No further evaluation had been performed since infancy based on a
lack of pulmonary symptoms.
At initial presentation, the patient was breathing comfortably
with no respiratory distress. Vital signs demonstrated he was
normotensivewith a heart rate of 80 and oxygen saturation of 100%
on room air. Physical examination was only revealing for dimin-
ished breath sounds over the posterior left hemithorax. Chest
radiograph revealed a left apical PTX measuring 1.9 cm from the
pleural surface (see Fig. 1). A large-bore 32 French left chest tube
was placed by the general surgery service and the patient was
admitted for drainage of the PTX. His hospital course was unre-
markable and the tube thoracostomy was removed after four days
with minimal residual left apical air.
During follow-up evaluation several months later in the Pul-
monary Clinic, the patient had returned to college where he
described a recurrent episode of pleuritic chest pain lasting one
hour for which he did not seek medical attention. He otherwise
continued to be asymptomatic with no pulmonary symptoms and
no limitation in physical activities. Pulmonary function testing
revealed a mixed obstructive/restrictive defect with a forcedFig. 1. Chest radiograph showing left apical pneumothorax (green arrows) measuring
1.9 cm from the pleural surface. Basilar bleb at left costophrenic angle can also be
appreciated.expiratory volume at one second (FEV1) of 2.65 (54% predicted),
forced vital capacity (FVC) of 3.78 (65% predicted), FEV1/FVC ratio of
70%, reduction in total lung capacity to 5.34 (67% predicted), and
diffusing capacity of 25.2 (72% predicted). There was no broncho-
dilator response suggesting ﬁxed obstruction. Repeat chest radio-
graph showed resolution of the left apical PTX and stable
appearance of hyperexpanded lungs with a left basilar bleb.
Computed tomography of the chest showed multiple left-sided
peripheral and basilar bullae of varying sizes but no continued
evidence of pleural air (see Fig. 2). The original pathology report
was located by his father and the stated surgical pathology was the
following: “Congenital cystic adenomatoid malformation (Type I) of
the lung, clinically involving left lower lobe, with compressive atelec-
tasis and acute interstitial emphysema.” The patient remained clin-
ically stable and had no further PTX episodes. Repeat evaluation
one year later demonstrated no further symptoms, stable ﬁndings
on chest imaging, and unchanged pulmonary function testing.
3. Discussion
Congenital pulmonary airway malformations are hamartoma-
tous lesions that are comprised of cystic and adenomatous ele-
ments of tracheal, bronchial, and alveolar tissue.1 These lesions
were previously identiﬁed as CCAM as classiﬁed into three major
groups (Type IeIII) based on the size of the cysts and their cellular
characteristics. Two additional types (Type 0 and IV) have beenFig. 2. Non-contrast computerized tomography showing multiple left basilar bullae.
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each having distinct pathologic characteristics (see Table 1).6,7
Type I CPAM is themost common etiology and accounts for 60 to
70 percent of all cases.8 These congenital lesions consist of large
cysts up to 10 cm lined by pseudostratiﬁed ciliated cells inter-
spersed with mucous cells. The cysts are usually single but may be
loculated. A characteristic ﬁnding is involvement of a single lobe.
Type I lesions compress adjacent normal lung tissue and may cause
neonatal respiratory distress with contralateral mediastinal shift.
These lesions are usually resectable and carry a good prognosis.8
The patient in this case had a typical presentation as a full term
newborn with severe respiratory distress and a LLL cystic mass
compressing the left upper lobe. The pathologic ﬁndings described
lung tissue replaced by multiloculated cysts, the largest measuring
8.5 cm in diameter and conﬁrmed the diagnosis of a Type I CPAM.
Variable presentations of CPAM have been described in the
literature. Affected newborns typically present with symptoms of
respiratory distress soon after birth, although 50% may remain
asymptomatic until later in life.4 The management of CPAM usually
involves surgical resection not only to conﬁrm the diagnosis but
also decrease the risk of infection or malignant transformation.9
Surgical resection of affected lung is usually performed in symp-
tomatic newborns with respiratory distress but can be completed
electively in older children with less acute symptoms. In older
children, CPAM may also be discovered as incidental radiographic
ﬁnding or present due to recurrent respiratory infections.10 Pre-
sentation of CPAM in adulthood is rare and usually involves
recurrent pulmonary infections involving a single lobe; only 24
reported cases of CPAM have been diagnosed in adults.9
There are several aspects of this case that represent atypical
features of CPAM. Our patient’s presentation with an isolated
spontaneous PTX at age 18 does not appear to have been previously
reported. There is an established association between PTX and
undiagnosed CPAM. Spontaneous PTX has been described in early
infancy (3 week old girl) due a CPAM with atypical histologic fea-
tures.3 It has also been reported in other children beyond the
neonatal period (ages 1.5 months to thirteen years old) and in these
cases, was the initial presentation for their congenital lung dis-
ease.10e17 Two similar cases have been described in 18 year olds,
one patient who presented with hemoptysis and hemopneumo-
thorax and another patient with pyopneumothorax, both who
consequently underwent resection of a previously undiagnosed
Type I CPAM.9,19 There is likewise an established association be-
tween PTX and pleuropulmonary blastoma found in Type 4 CPAM
where patients present within the ﬁrst two years of life with a large
cyst or cysts and respiratory distress; pneumothorax was present in
43% of cases.20,21 Having already undergone surgical resection for a
Type I CPAM during infancy, the spontaneous PTX in our patient
was likely due to his residual lung disease and not a primary CPAM.
A second clinical issue in our patient is long-term follow-up for
patients with diagnosed CPAM. Chest imaging in our patient
demonstrated residual left basilar bullae and there was a moderate
ﬁxed obstructive/restrictive defect on pulmonary function testing.
His risk for recurrent PTX or infectious complications is unknown
based on minimal published information on long-term outcomes
or complications in patients with resected CPAM lesions.18,22,24
Pinter et al. described 17 patients in which 20 year follow-up data
was compiled. While respiratory infections were reported in 35% of
patients and eight patients had mild chest deformities, most had
good long-term outcome with normal activity. Shorter follow-up
with pulmonary function testing in a group of eight asymptomatic
CPAM patients showed lung volumes at 90% predicted.24 Despite
the appearance of a spontaneous PTX 18 years later after surgical
resection, the risk of malignancy due to pleuropulmonary blastoma
or bronchoalveolar carcinoma is extremely remote. Whilemalignancy can arise in undiagnosed CPAM, the patient’s age and
the absence of any residual cysts or masses is reassuring. An
additional consideration is the potential development of symp-
tomatic pulmonary disease with increasing age due to the signiﬁ-
cant ﬁxed airway obstruction. While the presence of a pectus
excavatum is notable and has been reported in association with
CPAM; it is unlikely to cause any symptoms given its mild
appearance.23
This patient’s presentation 18 years after surgical resection of a
Type I CPAM should prompt clinicians to be aware of long-term
complications related to residual lung disease. Our patient not only
developed a spontaneous PTX due to unrecognized bullous
changes, but also has a moderate ﬁxed airway obstruction. There
should be an evaluation of all CPAM patients for evidence of re-
sidual lung disease both with spirometric testing and chest imag-
ing. Concern for infectious complications or symptomatic
obstructive lung disease should likewise be considered.
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